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ABSTRACT 

The wind frequency response of several unguided rockets was 
studied using data collected by simultaneous releases of a jimsphere 
and a standard 100 gra balloon. Results show there can be large 
differences in the predicted rocket impacts using the two balloons. 
High wind frequencies are shown to affect the rocket only to a small 
degree and can be ignored in real-time rocket impact prediction appli 
cations. Averaging winds over a fifty-foot layer gives results com- 
parable to the best Fourier smooth and binomial filter. 
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INTRODXTION 

Many people have isked questions regarding the wind frequency 
response of unguided rockets.    This study was «ade in an atteapt 
to answer some of these questions.    The report actually contains  three 
different studies:   (l)coBpares predicted rocket  impacts by using 
data obtained  from a jimsphere and a standard 100 p« balloon  (2) 
compares a Fourier smooth with a binomial  filter and (3)shows the 
effect of averaging each wind profile through six different  layer 
thicknesses. 

crom the standpoint of impact prediction by high-speed computer, 
one can only analyze the effect that a certain wind profile has upon 
a given rocket trajectory.    Wind data were obtained from a standard 
100 ga balloon and a jimsphere released simultaneously.    The data 
were smoothed by a Fourier series and by a binomial  filter.    The wind 
frequencies to be smoothed were determined from a paper published by 
Manuel Armendariz   (1).    The cutoff frequencies were chosen to elim- 
inate balloon noise and to destroy as few as possible of the wind fre- 
quencies to which the rocket might respond. 

The data were collected at three-foot  intervals by cine-theodo- 
lites and rocket trajectories run on these original wind profiles. 
Since this requires tremendous amounts of computer storage,  the data 
were also averaged through layers 24,  51,   99.  198.  498 and 999 
feet thick to save storage space and to determine the effect of averag- 
ing on rockev  impact accuracy. 

Due to the  large amount of computer  time necessary for one 
complete analysis,   the data for only four rockets «re presented. 
These are,  however,  thought to be representative of most unguided 
rockets and hopefully all conclusions can be applied to other un- 
guided rockets. 

DISCUSSION 

Two balloons,   released simultaneously,  were used to obtain the 
wind profiles.    One was a standard 100 gn balloon and the other was 
a jimsphere.    Armendariz  (1).  using  the method used by Rogers and 
Camnitz   (2>,  ran a power spectrum on these and other pairs of wind 
profiles.    Figure  1  is a representative graph of tiie spectral density 
(after Armendariz).     In all  cases observed,, on the jimsphere curve 
there was a flat   spot between about   .03 and   .IS cycle/sec.   repre- 
senting a wave number of .002 and  .01 cycle/foot respectively. 
A secondary peak at about  .20 cycle/sec.   representing  .0133 cycle/foot. 





is attributed to balloon noise. The standard 100 gm balloon shows 
a ■iniaua frequency at about .03 cycle/sec. representing .002 cycle/ 
foot, with several secondary peaks attributed to balloon noise, scatter- 
ed between .OS and .30 cycle/sec, representing space frequencies of 
.0033 and .02 cycle/foot. These power spectra give us a starting 
point for our truncation of unwanted wind frequencies. 

To eliainate the balloon-induced noise and still maintain a 
representative wind profile, one can truncate the wind frequencies 
above .01 cycle/foot on the jiasphere and see how this affects the 
predicted impact of the rocket. The truncation of the wind frequen- 
cies was accoaplis^ed by two «etliods: a Fourier series was fitted 
to the unsaoothed original data, and the unwanted frequencies in the 
wind profile were eliminated; and a binomial filter was used. An 
83 point smoothing technique eliminated wind frequencies above .004 
cycle/foot and a 167 po\nt smoothing technique eliminated wind fre- 
quencies above .002 cycle/foot. Each of these truncated wind profiles 
was impressed on the trajectories of the four missiles, u  150-lb. 
payload Aerobee 350, a S00-lb. payload Aerobee 350, an Athena and a 
Nike-Apache. These three rockets were chosen because they cover 
a wide range of unguided missiles used for research. The Aerobee 
350 is 50 feet long and weighs about 7000 pounds, the Athena is about 
51 feet ong and weighs 16,000 pounds, and the Nike-Apache is 26 feet 
long and weighs 1700 pounds at launch. Tables I-VIII present the 
empirical results of this study. 

First observe only the rocket impacts listed in the tables for 
the wind layer thickness of three feet. In the unsnoothed original 
data, one will immediately notice the large differences between the 
predicted rocket impact obtained from the jimsphere and that of the 
standard 100 gm balloon. It is not clear which is the more accurate; 
however, it is thought by most authorities in the field that the 
jimsphere will give a more representative wind profile (1J. 

The Fourier smooth of the three-foot data for the jimsphere shows 
only a small amount of the rocket^ response is lost by truncating the 
wind frequencies at .01 cycles/foot. A much larger amount of response 
is lost if the wind frequencies above .002 cycle/foot are truncated. 
Truncation of any lower wind frequencies would result in larger errors 
in predicted rocket impact. Another example of this can be seen 
by observing each set of rocket impacts from the three-foot to the one- 
thousand« foot averaging intervals. The unsmoothed original three- 
foot data were averaged over layers of the different noted thicknesses. 
As larger layers are averaged the same effect as truncating the short 
wavelengths is ob'erved. 
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The binoBial filter did not work as well as the Fourier series, 
but here again the 83 point filter gave better results than the 167 
point filter showing that the rocket does indeed respond to wavelengths 
of less than one-hundred feet. 

To eliainate the balloon noise of the standard 100 ga balloon 
the Fourier series was truncated at .03 and .015 cycle/sec, which is 
equivalent to .002 and .001 cycle/foot. Here again the .002 cycle/ 
foot shows greater agrecaent with the unsaoothed original data than 
does the .001 cycle/foot pointing out the rockets response to high 
wind frequencies. Again with the binoaial filter the 83 point filter 
gave better results than the 167 point filter. It is rather difficult 
to say which aethod is better; however it appears as though the 
Fourier series truncated at .01 cycle/foot is the best method for the 
jiasphere, and the 83 point binoaial filter is best for the standard 
100 ga balloon. This is probably due to the different response charac- 
teristics of the two balloons. 

Several things had to be considered to aake the conputer study 
valid. The rocket trajectory is coaposed of a series of points 
calculated froa an integration procedure. The prograa used (3), 
contains checks to assure that the errors obtained in the Runge-Kutta 
integration do not ftat too large. It is possible to obtain a series 
of different predicted rocket iapact points by siaply changing the time 
constant of the integration. In other words, a rocket trajectory with 
an integration interval of one second will give a different iapact 
point than one constrained to a aaxiaua integration interval of one- 
tenth of a second, even though the change aay be only a few feet. 
Since the unsaoothed original data are profiler with points every 
three feet, the integration interval must be forced to three feet or 
less for the rocket to "see" the higher wind frequencies. For this 
study the wind profile covered the first 10,000 feet of the rocket 
trajectory, and the integration interval was adjusted to meet the 
maximuB velocity obtained during this portion of the rocket trajectory. 
This extreaely small integration interval, on the order of .001 second, 
causes the trajectory to take six or seven minutes to run where under 
normal integration intervals it would run in one and a half or two 
minutes. For real-time ipplicstions the higher wind frequencies 
can be elimioated without too great a loss in rocket iapact prediction 
accuracy, and at least four minutes of trajectory calculation time 
would thus be saved. Also one can see that a high resolution profile 
necessitates a large number of data locations in the computer. At 
one point per three feet this would necessitate the allocation of 
about 250,000 data locations for wind alone in a profile for an 
Athena firing. Fortunately, the 51 foot averaged wind profiles are 



not very different fro« the three foot unsaoothcd original data. 
An earlier study (4), has shown that if one start/ with SO ft. layers 
at the end of the launcher, the layer thickness can be increased toward 
the top of the wind profile with only small losses in predicted rocket 
iapact accuracy. 

CONCLUSIONS 

It appears safe to say that the jiasphere gives a «ore representa- 
tive wind profile than the standard 100 ga balloon. If the secondary 
peaks observed in Fig. 1 are truely balloon noise, then the Fourier 
truncated wind profile and the 83 point binoaial filter should give 
better results than the unsaoothed original data. 

There is no doubt, in this study, that the rocket does respond 
to the higher wind frequencies. However, assuaing the majority of the 
energy observed past .002 cycle/foot is due to balloon noise and ob- 
serving the relatively small change in rocket iapact due to smoothing, 
one can assuae that these high wind frequencies affect the rocket 
only slightly. For very accurate theoretical studies the high wind 
frequencies can be used if desired, however for real-tiae purposes 
where time and storage considerations in the coaputer oust be met,  the 
higher frequencies can be ignored as can any extensive filtering of 
the data. Averaging the wind data through a layer is fast and, if the 
proper layer thicknesses are chosen, gives results comparable to a 
smoothed, high-resolution profile. 

Although the above conclusions are based on data obtained from 
a mathematical simulation, it Is  thought that a true aerodynamic study 
would yielJ similar results. 



TABLE   I 

AEROBtE 350-150 Lb.   PAYLOAD 

J imsphere 

Ori Rinal  Data 

Layer Thickness X(feet) Y(feetj 
(feet3 

3 -93804 1140401 
24 -93185 1138090 
51 -92830 1157761 
91) -89606 1139772 

198 -80943 1142287 
498 -75211 11^9879 
999 -35903 113900.' 

Fourier Smooth   .01 

3 -92506 1144038 
24 -92570 1140803 
51 -91609 1140108 
99 -89098 1141925 

198 -8574 9 1143473 
498 -75103 1140812 
999 -55846 1139087 

Fourier Smooth   .002 

3 -90704 1134423 
24 -9C371 1151500 
51 -89841 1148937 
99 -88817 1148671 

198 -85170 ll'Mfcl 
4 98 -75016 1142361 
•99 -55749 1139511 

liinonial Smooth  S3  Pt. 

3 -84397 1142210 
24 -S35''3 1143215 
31 -33130 114 2909 
99 -30881 1144100 

198 -"7037 1143904 
498 -65930 1141480 
999 -51202 11593 04 

Uinoniai Smooth   107   1't, 

3 -"3891 1144096 
24 -731S8 1144876 
31 -72026 1147203 
99 -70747 1144001 

193 -07974 1142871 
4();; -58519 1141066 
999 -49131 1142"05 
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